Abstract
Methods
The family history of diabetes was obtained from each subject, and an oral glucose tolerance test was performed for measuring the fasting and postload glucose and insulin levels based on a national representative cross-sectional survey of 46,239 individuals (age 20 years) in the 2007-2008 China National Diabetes and Metabolism Disorders Study. The family history risk categories of diabetes were high, moderate, and average (FH2 and FH1: at least two generations and one generation of first-degree relatives with diabetes, respectively; FH0: no first-degree relatives with diabetes).
Introduction
Diabetes mellitus is a major noncontagious disease that has become a serious threat to human health. According to the latest estimates of the International Diabetes Federation, the prevalence of diabetes worldwide has reached 8.3%, and approximately 382 million adults have had diabetes, and 80% of these adults are present in medium and low income countries with scarce health resources [1] .
In China, the latest data have shown that prevalence of diabetes in adults aged 20 years or older has increased to an alarming 9.7% [2] . If the American Diabetes Association standard (glycated hemoglobin 6.5%) is included in the diagnostic criteria for diabetes, then the prevalence of diabetes in the Chinese population reaches 11.6% [3] . The population size of Chinese patients with diabetes is estimated to be 92.4-98.4 million [1, 2] ; of which, approximately 60% patients have not yet been diagnosed [2] . Due to the scarcity and uneven distribution of health resources in China, effective and targeted screening of high-risk groups and early treatment of diabetes are significant factors for preventing the late complications of this disease.
The etiology of diabetes involves complex genetic and environmental factors [4, 5] . A large number of epidemiological studies have indicated that the family history of diabetes, advanced age, obesity (especially abdominal obesity), physical inactivity, and abnormal lipid metabolism are independent risk factors for diabetes. Patients with a positive family history of diabetes experience 3-to 4-fold higher risk of developing this disease than those with a negative family history of diabetes [2, 3, [6] [7] [8] , and the risk of diabetes increases with the number of affected relatives [6] [7] [8] [9] . Other studies have shown that the level of risk of diabetes is related to the nature of relationship with the affected relatives. For instance, mothers with diabetes contribute more than fathers with diabetes to the risk of type 2 diabetes in the offspring [8] , and the first-degree relatives with diabetes are associated with a higher family history risk category than that of second-degree relatives with diabetes [9] .
The above findings on the association between the family history risk categories and the prevalence of diabetes were mainly obtained from the European and American populations [6] [7] [8] [9] . However, a study on the South Korean population shows no evidence that the offspring of mothers with diabetes have a higher risk of diabetes than other groups [10] . The familial aggregation of diabetes is believed to be the result of combined action by genetic factors and similar environmental factors shared among family members (e.g., diet habits and sedentary lifestyle) [11] . Therefore, it is necessary to explore the association between the family history risk categories and the prevalence of diabetes among different types of ethnic groups to provide a reference for the highly effective identification of high-risk groups of this disease.
In China, two epidemiological studies on diabetes nationwide have been conducted, which show that a positive family history of diabetes is an independent risk factor for this disease in the Chinese population [2, 12] . In the 2007-2008 China National Diabetes and Metabolic Disorders Study (DMS), all subjects underwent a standard 75-g oral glucose tolerance test (OGTT) with blood glucose and insulin measurements. Additionally, the prevalence of diabetes in the first-degree relatives of the subjects was surveyed. In the present study, an in-depth analysis on the association among the family history risk categories of diabetes and insulin secretion, insulin resistance, and prevalence of diabetes was carried out using data from the 2007-2008 DMS survey of Chinese adults aged 20 years or older.
Materials and Methods

Study subjects
From June 2007 to May 2008, the nationwide DMS was carried out using a complex multistage stratified sampling method. Representative regions (including 152 urban districts and 112 rural villages) were selected across the country by considering the geographical distribution, economic development, and level of urbanization. Residents aged 20 years and older and living locally for 5 years or more were randomly selected from each region. A total of 46,239 subjects (18,419 men and 27,820 women) with mean age of 44.9 years completed the study. Detailed sampling methods can be found in a previous description in the literature [2] .
Ethics Statement
The study program was reviewed and approved by the Clinical Research Ethics Committee of China-Japan Friendship Hospital (No. 2007-026). All the subjects had signed informed consent forms prior to the collection of data and other tests.
Physical examination and questionnaire survey
Trained and qualified physicians conducted the physical examination of all the subjects according to standard methods of the study program, including the measurement of body height, weight, waist and hip circumferences, blood pressure, and heart rate [2] . The body height and weight of the patients were measured with the patients wearing only underwear and shoes, with an accuracy of 0.1 cm and 0.1 kg, respectively. The body mass index (BMI) was calculated by dividing the body weight (kg) by the square of body height (m). The waist circumference was defined as the minimal horizontal circumference along the connection between the subcostal margin and the iliac crest, and the hip circumference was defined as the maximal horizontal circumference between the waist and the hips. Central obesity was defined as a waist circumference of 90 cm in males and 85 cm in females [13, 14] . After 10-15 min of rest at sitting position, the blood pressure was measured twice at a 30-s interval in the right upper arm using a mercury sphygmomanometer; the arithmetic mean of the two measurements was taken as the blood pressure value.
Data were collected in health stations or community clinics near the residence of the subjects. During an on-site survey, a standard questionnaire was completed by trained, qualified physicians and nurses by face-to-face method. Each subject was queried about his/her lifestyle, previous maximal weight, history of diabetes, time of diagnosis of diabetes, and history of medication, as well as family histories of coronary heart disease, stroke, and diabetes.
Family history of diabetes
The DMS questionnaire survey collected information about the presence or absence of diabetes in the first-degree relatives of the subjects (including father, mother, siblings, and children). If the answer was "yes," then the subject was considered to have a positive family history of diabetes and further had to specify the nature of relationship with those who have diabetes. If the answer was "no," then the subject was considered to have a negative family history of diabetes. In the case of "unknown," "refuse to answer," or "forget to ask," the subject was excluded from the following analysis because of the uncertainty regarding the family history of diabetes. In accordance with the family history of diabetes, the risk categories of disease were defined as follows: (1) Average: no first-degree relatives with diabetes (FH0); (2) moderate: only one generation of first-degree relatives with diabetes (FH1); and (3) high: at least two generations of first-degree relatives with diabetes (FH2).
OGTT or standard meal test
The subjects were requested to avoid excessive exercise or diet control for at least 3 days prior to the test. After fasting overnight for 10-12 h, blood specimens were collected using a vacuum tube with sodium fluoride for determining fasting plasma glucose, lipid profile, and insulin. Then, the subjects with no history of diabetes received an oral dose (75 g) of glucose solution (25%), and those previously diagnosed with diabetes had a standard meal containing 80 g of carbohydrate. Blood specimens were collected at 30 and 120 min after the loading using a vacuum tube with sodium fluoride for determining postload glucose and insulin.
Level of blood glucose was measured using the hexokinase enzymatic method, and lipid profile was measured enzymatically in local laboratories that are recognized by a national or provincial quality control system. For analyzing the levels of insulin, blood specimens were immediately centrifuged at 4°C, and the serum specimens obtained were transported to the Central Laboratory of Endocrinology at the China-Japan Friendship Hospital via the cold chain transportation system, and then stored at -80°C until used. Level of serum insulin was measured using radioactive immunoassay (Beckman insulin kit, Prague, Czech Republic) in an authorized laboratory by certified technicians from China National Nuclear Corporation (Beijing, China). The diagnostic criteria for diabetes, impaired fasting glucose (IFG), and impaired glucose tolerance (IGT) were based on the 1999 World Health Organization Criteria [15] . Prediabetes refers to IFG or IGT, and diabetes and prediabetes are collectively referred to as dysglycemia.
Calculation of β-cell function and insulin resistance indices
The β-cell function is indicated by two indices: (1) The insulinogenic index (ΔI30/ΔG30) refers to the insulin increment at 30 min after glucose loading relative to fasting serum insulin divided by the plasma glucose increment at 30 min, i.e., ΔI30/ΔG30 = (INS30-FINS)/(PG30 -FPG), where INS30 and PG30 are serum insulin and plasma glucose levels at 30 min after OGTT, respectively; and FINS and FPG are the fasting serum insulin and fasting plasma glucose levels, respectively [16] and (2) [17] .
The insulin resistance was indicated by homeostatic model assessment-estimated insulin resistance (HOMA-IR, FINS × FPG/22.5) [18] and the Matsuda insulin sensitivity index, ISI = 10,000/ p
The disposition index (DI) was calculated as the product of insulin secretion index and ISI: DI 30 = ΔI30/ΔG30 × ISI [20] or DI = CIR × ISI [17] , which indicates the insulin secretion function after the adjustment for insulin sensitivity.
Statistical analysis
All statistical analyses were performed using the SUDAAN (version 10; Research Triangle Institute, NC, USA), as appropriate for the complex survey design. All calculations were weighted to represent the total Chinese adult population aged 20 years or older. Weights were calculated based on the data from the Chinese population of the year 2006 and the study sampling scheme, and took several features of the survey into account, including oversampling for female and urban residents, nonresponse, economic development, and other demographic or geographic differences between the sample and the total population [2] . The data are expressed as means with 95% confidence interval (95% CI) or median with the interquartile range. The difference between the group means and the between-group frequencies was tested using the PAIRWISE procedure in SUDAAN 10. The test for trend was performed with a polynomial contrast procedure. Variables that were not normally distributed were transformed logarithmically before the analysis. A multiple logistic regression analysis was used to examine the association between the family history of diabetes and the prevalence of diabetes, and the adjusted odd ratios were obtained. All P values were two-tailed, and a P value of < 0.05 was considered statistically significant.
Results
Subject disposition
The survey database collected information on a total of 46,239 subjects, including 18,419 men and 27,820 women (mean age 44.9 ± 13.7 years). Of these, 9958 subjects were excluded for incomplete or inaccurate report on the family history of diabetes. The present study focused on 36,281 subjects with a complete dataset including 14,263 men and 22,018 women. Out of the 36,281 subjects, 5443 subjects were classified into the risk category of FH1, accounting for a weighted percentage of 13.9% (95% CI: 13.2-14.5%); 643 subjects in the risk category of FH2, accounting for a weighted percentage of 1.6% (95% CI: 1.3-2.0%); and the remaining in the risk category of FH0. There were no significant differences in the mean age among the three family history risk categories of diabetes, i.e., 44.9 years for FH0 and FH1 and 45.1 years for FH2. The age of onset of diabetes was 1-2 years earlier in the groups with a positive family history of diabetes (FH1 and FH2) than in those of FH0.
Family history risk categories of the subjects
With increasing family history risk category of diabetes, the levels of previous maximal weight, prevalence of central obesity, present BMI, systolic and diastolic blood pressure, fasting glucose and insulin, 2-h postloading glucose and insulin levels, total serum cholesterol levels, triglyceride levels, and low-density lipoprotein cholesterol levels all showed a significantly increasing trends (Table 1) .
Association between family history risk categories and prevalence of diabetes
The age-and gender-adjusted prevalence rates of diabetes were 8.4% (95% CI: 7.9-8.9%) in the risk category of FH0, 20.1% (95% CI: 18.2-22.1%) in the risk category of FH1, and 32.7% (95% CI: 26.4-39.7%) in the risk category of FH2, showing a statistically significant increasing trend (P < 0.0001) ( Table 1) . Further, the age and BMI were stratified to explore the association between the different family history risk categories and the prevalence of diabetes (Table 2) . Results showed that in each level of age or BMI, the prevalence of diabetes significantly increased with the family history risk category (all P < 0.0001). Association between family history risk categories and insulin secretion and resistance
In comparison to those in the risk category of FH0, both ΔI30/ΔG30 and CIR continuously decreased in the risk categories of FH1 and FH2. The indicator for insulin sensitivity, ISI, also successively decreased in FH1 and FH2, while HOMA-IR, indicative of insulin resistance, showed an increase. After the adjustment for insulin sensitivity, the declining tendency in the insulin secretory function (described by DI and DI 30 ) became more significant with the increasing family history risk category of diabetes (Table 1) . Even if the glucose tolerance status was further divided into three levels (normal glucose tolerance, NGT; prediabetes; and diabetes), there remained significant declining trends in DI and DI 30 of different glucose tolerance statuses (Table 3) . A logistic regression analysis was performed with or without adjustment for recognized risk factors for onset of diabetes (including age, gender, blood pressure, BMI, waist circumference, economic condition, and education level). Different models were used to calculate the odds ratios (ORs) of having diabetes in different family history risk categories (Fig. 1) . Compared with those in the low risk category of FH0, ORs relatively increased to 2.60-3.30 in the moderate risk category of FH1 and 6.13-6.75 in the high risk category of FH2 (Fig. 1) .
Discussion
The present study involved a retrospective analysis of data from the 2007-2008 China National Diabetes and Metabolism Disorders Study involving 46,239 subjects. Out of these subjects, 36,281 subjects (14,263 men and 22,018 women) with a complete dataset were focused in this study. The results indicated that family history risk categories studied were found to have a significant association with prevalence of diabetes in the country. Hence, the results carry significant relevance in understanding the etiology and prevalence of diabetes among the Chinese population. The etiology of diabetes involves genetic and environmental factors as well as their complex interactions [4, 5] . Substantial epidemiological research has confirmed that family history of diabetes, advanced age, obesity (especially abdominal obesity), physical inactivity, and abnormal lipid metabolism are independent risk factors for diabetes [2, 3, 6, 7] . Individuals with a positive family history of diabetes experience 3-to 4-fold higher risks for this disease than those with a negative family history of diabetes [2, 3, [6] [7] [8] , and the risk of developing diabetes is related to the type [8] and number of affected relatives [6] [7] [8] [9] .
In the nationwide cross-sectional study, results showed that the proportion of first-degree relatives with a positive family history of diabetes was up to 15.5% in the Chinese population. Of these, the proportion of at least two generations of the first-degree relatives with a positive family history of diabetes was 1.6%. The age of diagnosis of diabetes in those with a positive family history of diabetes was earlier than those with a negative family history of this disease. This study took the lead to classify the family history of diabetes into different risk categories in the Chinese population according to the generation number of the affected first-degree relatives. Additionally, this study demonstrated that with the increasing family history risk category of diabetes, a gradual increase was observed in the levels of diabetes-associated metabolic abnormalities including central obesity, BMI, blood pressure, and lipid levels. Moreover, the group with a positive family history of diabetes had higher ratios of smoking and drinking, to some extent reflecting a more negative lifestyle. Thus, it is not surprising that the prevalence of diabetes increased with the family history risk category of this disease.
As the age and BMI are strong risk factors for diabetes, this study also referred to the National Health and Nutrition Examination Survey of the United States (NHANES) [9] and analyzed the association between family history risk category and prevalence of diabetes after stratification of age and BMI into multiple levels. At each level of the age or BMI, the prevalence rate of diabetes continued to increase significantly with the family history risk category of this disease. The results of a further multivariate analysis showed that the hierarchical association between the family history risk category and the prevalence rate of diabetes was independent of some major risk factors for diabetes such as age, gender, BMI, and economic development. This conclusion is consistent with that of NHANES, despite certain difference between the definitions of family history risk category in both the studies.
Insulin resistance and abnormal insulin secretion are the most important prerequisites for the occurrence of type 2 diabetes. Some studies show that the first-degree relatives of type 2 diabetes have experienced insulin resistance even in the normal status of glucose tolerance [21] [22] [23] , whereas other studies have presented different results and proposed that the first-degree relatives of diabetes mainly had abnormal insulin secretion [17, 24, 25] . The main reasons for the above contradiction are as follows: (1) The interrelation between insulin secretion and insulin sensitivity is not considered. The maintenance of glucose homeostasis depends on the balance of insulin secretion and insulin sensitivity. There is a hyperbolic equation between both the above-mentioned parameters, i.e., the product of insulin sensitivity and acute insulin response is a constant, commonly known as the glucose DI [26] . The DI is equivalent to the β-cell secretion function after the adjustment for insulin sensitivity. (2) Insulin secretion and insulin sensitivity are not estimated after the stratification of different glucose tolerance statuses because the levels of impaired insulin secretion and insulin resistance vary with different glucose tolerance types [27] [28] [29] . (3) The accuracy of estimating insulin secretion and insulin sensitivity using simple indices based on fasting and postloading blood glucose and insulin levels may vary in different glucose tolerance statuses [30] , as confirmed by the results of this study.
In this study, through the overall analysis on the Chinese population, it was found that with the increasing family history risk category of diabetes, the insulin secretion indices both ΔI30/ ΔG30 and CIR exhibited significant decreasing tendencies, while HOMA-IR showed progressive increases and ISI showed gradual declines. After the adjustment for insulin resistance, the insulin secretion indices DI 30 and DI exhibited even more significant declining tendencies. Further, the population was divided into three groups according to the glucose tolerance status, i. e., NGT, prediabetes, and diabetes. Results showed that ΔI30/ΔG30 had a compensatory increase with the family history risk category in the NGT group, with no significant changes in the other two groups (prediabetes and diabetes). In contrast, CIR significantly declined with increasing family history risk category in the diabetes group. Both DI 30 and DI had linear decreases with increasing family history risk category in all the three groups (NGT, prediabetes, and diabetes). The above-mentioned results indicate that the first-degree relatives of diabetes mainly had β-cell dysfunction, and that the higher the family history risk category, the more severe the β-cell dysfunction.
The present study also has its own limitations. First, in the 2007-2008 DMS database, information regarding the prevalence of diabetes in the first-degree relatives is incomplete, unknown, or missing for one-fifth of the subjects. During the in-depth analysis, these subjects were excluded, which might raise questions regarding the representativeness of the study data for the overall situation of the Chinese population. This is despite the fact that the general information was compared between the groups included and excluded, and found no significant differences in the major parameters related to diabetes (age, gender, BMI, waist circumference, blood pressure, and education level). Second, the 2007-2008 DMS database provides information on the prevalence of diabetes in the first-degree relatives but not in the second-degree relatives. Thus, in this study, the definition of family history risk category of diabetes may be restrictive. Finally, the family history of diabetes was self-reported by the subjects through a questionnaire survey, perhaps with reporting bias. The information obtained was not verified later, and the accuracy of reports was not validated through random sampling. However, a unified training of inquiry methods and techniques was provided for physicians or nurses involved in collecting information on the family history of diabetes; and only the first-degree relatives (parents, siblings, and children) who are closely associated with the subjects in their daily life were surveyed. Thus, it is reasonable to believe that the accuracy of reports on disease history is relatively high.
In conclusion, this study represents a large-sample representative study of the Chinese population. Results show that family history risk category of the first-degree relatives of diabetes not only significantly relates to the level of β-cell defects but also has a significant and independent rank correlation with the prevalence of diabetes in individuals. Risk assessment, screening, and prevention of diabetes should therefore consider the positive or negative as well as the risk category of family history of this disease. 
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